Abstract-Turkey has hot water springs suitable for electricity generation between 130 °C-242 °C with natural vapor and hydrothermal alterations in connection with grabens limited to active faults and diffuse young volcanism in Western Anatolia Region. Geothermal energy which is an alternative energy resource has advantages such as low-cost, clean, safe and natural resource. Geothermal energy is defined as hot water and steam which is formed by heat that accumulated in various depths of the Earth's crust; with more than 20 o C temperature and which contain more than fused minerals, various salts and gases than normal underground and ground water. It is divided into three groups as low, medium and high temperature. High-temperature fluid is used in electricity generation, low and medium temperature fluids are used in greenhouses, houses, airport runways, animal farms and places such as swimming pools heating. In this study high temperature geothermal fields and windparks/windfarms in Turkey which are suitable for electricity generation potential were investigated.
I. INTRODUCTION
Geothermal energy, hydropower, solar energy, wind power and biomass energy are the major renewable energy resources for Turkey in the future. Provided that geothermal energy, which has a considerable potential in Turkey, is used in electricity generation, besides heating and greenhouses, the energy problem in Turkey will be remarkably solved [1] . Geothermal energy is recognized as one of the significant renewable energy resources to meet increasing energy demand of the world. Systems, using geothermal energy, are made up of three main elements: a heat source, a reservoir, and a fluid [2] . Geothermal energy, which is expected to replace these energy sources in the future, is formed under the heat effect due to the decomposition of the radioactive materials such as uranium, thorium and potassium which are located in the asthenosphere layer of the earth's crust beneath the ground. For the geothermal systems to form, three key elements that carry the heat source, reservoir and heat are required. The heat source can be magmatic intrusions with high temperatures that can reach to layers close to the surface (> 600 o C, 5-10 km), it also can be depth increasing normal temperature in low temperature systems. Reservoirs are covered by usually impermeable layers such as oil traps. Geothermal fluid that fills the reservoir is usually of meteoric water and found in the reservoir in either steam or liquid form, depending on the temperature and pressure within the reservoir (Fig. 1) . In this system, heated water in the middle part rises and switches places with the cold water coming from the sides and a convectional stream is formed here. Cold water replaces the heated and everrising water [3] .
Geothermal energy, one of the most promising among alternative energy sources, has proven to be reliable, clean, and safe, and therefore its use for power production, and heating and cooling is increasing. It is anticipated that geothermal energy will partially displace more polluting fossil and nuclear energy sources, and become one of the best candidates of the energy sources in the years to come due to the growing concern about global warming and diminishing fossil fuels. Therefore, the performance evaluation of geothermal energy systems must be performed to produce the most out of geothermal energy [4] . Geothermal energy is within the inexhaustible energy group just like hydraulic, solar and wind energy. Hence, it is considerably long-lasting compared to coal, gas, natural gas, oil shale and nuclear energy resources which are exhaustible [5] . Geothermal energy cost is 50-80% lower compared to other resources both in terms of power generation and heating. A. Usage Areas of Geothermal Energy Geothermal energy, due to its temperature, high temperature fluids are used in industry such as electricity production, heating and low temperature fluids are used in thermal spring applications. In Table 1 is shown utilization areas of geothermal energy.
B. Use of Geothermal Energy for Other Purposes
Another interesting form of exploiting geothermal energy is heating. The largest geothermal system used for heating is located on Iceland, in its capital Reykyavik and 89% percent of households in Iceland are heated on this way. Although Iceland is by far largest exploiter of geothermal energy per capita with earlier mentioned number of 89% of all household on Iceland heated on this way, Iceland is not alone in exploiting geothermal energy. Geothermal energy is also widely exploited in some areas of New Zealand, Japan, Italy, Philippines and some parts of the USA like San Bernardino in California and in capital of Idaho, Boise. Geothermal energy is also used in agriculture for increase of the crop. Water from geothermal reservoirs is used for heating greenhouses for production of flowers and vegetables. When heating greenhouses it's not only air that's heated, but also the soil on which plants grow. This is used for centuries in central Italy and Hungary and is momentarily covering 80% of energetic needs of greenhouses with exploit of geothermal energy. Heat pumps are another form of using the geothermal energy. Heat pumps are spending geothermal energy for circulation of geothermal liquid that is later used for heating, cooling, cooking and preparation of hot water and on this way need for electrical energy gets significantly decreased. There is another wide specter of geothermal energy's use but there's no need to explaining it all on detailed way. Some other exploits are for instance fish breeding, different types of industrial use, balneology-use for recreation and healing (hot springs bathing), etc. The common usage areas of geothermal energy are power generation, heating, greenhouse heating, tropical plant breeding, building and urban central heating and hot water, soil, street etc. heating, airport runway heating and non-electrical applications [7] .
C. Electrical Energy Production with Geothermal Energy
Geothermal energy is the heat of the earth. Since the depths of the earth are very hot, heat flows outward toward the surface and the temperature of the earth increases with depth. The several thermal regimes in the earth give rise to a classification of geothermal resource types [8] .
One of the most interesting forms of exploiting geothermal energy is production of electrical energy. Hot water and steam from Earth is used for initiation of generators and in this process there's no combustion of fossil fuels and as a result there's no harmful emissions of gases to the atmosphere, only water steam gets released. Additional advantage is that these power stations can be implemented in variety of different surroundings from farms, sensitive desert areas all the way to recreationalforest areas [7] . In Fig. 2 is shown geothermal energy electricity production system. Dry steam; Extremely hot steam is used here, typically above 235 °C (445 °F). This steam is used for direct running of generators. This is the most simple and oldest principle and it's still in use because it's the far cheapest principle of generating electrical energy from geothermal resources. Earlier mentioned first geothermal power station in Landarello worked on this principle. The largest power station that is using this principle is at this moment located in northern California and it's called The Geysers and is producing electrical energy since 1960. Amount of produced electrical energy from this power station is still enough to supply city of the size like San Francisco.
Flash steam; Here's used hot water from geothermal reservoirs that is under great pressure and on temperatures above 182 °C (360 °F). By pumping the water from these reservoirs towards power stations pressure gets decreased and hot water gets transformed to steam which then starts turbines. Water that wasn't transformed to steam is returning back to reservoir for purpose of another use. Majority of modern geothermal power stations are using this principle.
Binary cycle; Water used in binary cycle is colder than the water used by other principles of generating electrical energy from geothermal resources. In binary cycle hot water is used for heating the liquid that has significantly lower boiling temperature, and this liquid is then exhausted on temperature of the hot water, afterwards starting generators' turbines. Advantage of this principle is higher efficiency of the procedure and there's also much bigger availability of the necessary geothermal reservoirs than it is when using other procedures. Additional advantage is complete closeness of the system since used water is returning back to reservoir and with this loss of the heat is decreased and there's also almost any loss of water. Majority of newly planned geothermal power stations will use this principle.
Principle that will be used when building new power stations depends of type of geothermal energy resource, namely of temperature, depth and quality of water and steam in chosen region. In all cases condensed steam and geothermal liquid's remains are returning back to well increasing the endurance of geothermal resource [7] . 
D. Geothermal Energy in Turkey
Turkey has a great geothermal potential in connection with Alpine-Himalayan orogenic belt and due to orogenic, magmatic and volcanic activities. There are over 600 hot water springs reaching up to 100 °C with natural vapor and hydrothermal alterations in connection with grabens limited to active faults and diffuse young volcanism. Turkey has a geothermal potential of 31500 MW. Much of this potential is concentrated in Western Anatolia (77.9%). Only 13% of this potential (4000 MW) is made available for use by MRE (Mineral Research and Exploration Institute). 55% of the geothermal areas in Turkey are suitable for heating applications. Geothermal energy is employed to heat 1200 decares of greenhouse and 100000 houses in 15 settlements are heated with geothermal energy. In Table 2 is shown annual development of Turkey's installed capacity. Satisfying a portion of our increasing energy need by our own resource, geothermal energy will make a big contribution to the national economy. During the initial application, 500 KW pilot turbine and 3000 m pilot greenhouse heating yielded successful results at DenizliKizildere and TED (Turkey Electric Distribution) launched the construction of 20 Mw power stations. Moreover, 15 geothermal fields, which are each known to have a capacity equivalent to Kizildere, have all survey works completed up to drilling. The station established at the same field in 1984 increased the capacity to 20 MWe. The capacity is expected to be 1000 MWe by the year 2020 with the planned station constructions. 8182 MWt is anticipated by 2025 in terms of heating applications. Turkey has a rich geothermal energy potential due to the influence of different tectonic belts originating from Alpine-Himalayan Orogenesis and a part of this potential is used in diverse applications. Total number of production wells is expected to be around 400. In addition, 300 gradient drilling operations took place. The data reveal that Turkey has a considerable potential of geothermal energy.
As the district heating systeminst allation started with geothermal district heating system (GDHS) investments in Turkey, the GDHS are operated very economical, which is the result of optimization of the geothermal resource characteristics with the consumer's characteristics, suitable system design and technology. On the other hand, Turkey is a developing country and there is a continuous migration fromrural areas to cities with 2% population increase annually. As a result of this, apartment buildings in cities are continuously increasing vertically and horizontally. The results of the migration are some of the important subjects should be considered before the establishment of geothermal energy systems. Another case is, while some of the buildings have a radiator-heating systems, some of them have not in the cities of the country. So, the conversion project should take these types of systems into consideration [10] .
Turkey has significant potential for geothermal energy production, possessing one-eighth of the world's total geothermal potential. Much of this potential is of relatively low enthalpy that is not suitable for electricity production but still useful for direct heating applications [11] . Turkey's first commercial geothermal power plant, installed in the Denizli-Kizildere field was discovered by the MRE in 1968. Kizildere geothermal field is located near the city of Denizli (31 km away from the city 's center). Denizli is located in the southwest inland of Anatolia and is a center of tourism with its thermal spas, and historical and cultural diversity. The city has a population close to 500000, and has a variety of commercial, industrial, and touristic installations. Kizildere geothermal power plant was installed in 1984 with an installed capacity of 20.4 MWe. Besides electricity production, the resources of this field are also used for dry ice production (40000 ton/year), greenhouse heating (close to 6000 m2), bleaching process in a textile industry, and space heating of offices and residences [12] .
In spite of geothermal energy being a relatively new energy source for Turkey, when compared with other energy sources, it is utilized for various purposes, such as for electricity production, space heating and touristic installations. About 87.5% of the total geothermal potential is appropriate for thermal use (temperature<200 °C) and the remainder for electricity production (temperature>200 °C) [13] . Aydin-Germencik field is placed on 100 km west of Kizildere in western Anatolia. After geological,geophysic and geochemical studies, 10 exploration wells with depths between 285-2398 m have been drilled. The temperatures of the first and second reservoirs are found to be 203-217 °C and 216-232 °C. The average flow rate is 300 t/h and steam ratio changes from 13 to 20%. The collected data indicate that the field has important geothermal potential. Disposed hot water can be used in electricity generation, district heating, industry and in touristic and balneological centers. A binary cycle power plant with an installed capacity of 25 MWe will be constructed at Aydın-Germencik in 2004. IzmirSeferihisar field is 1986-1997 period, 15 wells were drilled and the reservoir temperature was measured as 153 °C. The 9.7 MWt heat is discharged from five wells by downhole heat exchanger system. It is estimated that 3600 m greenhouse can be heated with this energy. Aydin-Salavatli field is placed in nearly in the middle part of the Kizildere and Germencik fields. 10 wells were drilled in the field between 1987-1998. The total flow rate was found to be 600 t/h and the reservoir temperature was between 162-171 °C. Other fields have reservoir temperatures lower than 200 °C can be as CanakkaleTuzla (174 °C), Kutahya-Simav (162 °C), Izmir-Balcova (126 °C), Afyon-Omer (106 °C) and AnkaraKizilcahamam (106 °C) [14] . In Table 3 is shown electricity production projections.
II. CONCLUSIONS
Geothermal energy is one of the most promising alternative energy sources. It is also environmentally advantageous energy sources which produces for less air pollution than fossil-fuel sources. They can be utilized in various forms such as electricity generation in Turkey. Although the geothermal potential has been neglected so far in official documents, it is likely to gain a significant share for the electricity generation in many regions. Also, the geothermal power is home grown, reducing Turkey's dependence on foreign oil and natural gas. Present applications have shown that geothermal energy in Turkey and in other countries is clean and cheaper than the other fossil and renewable energy sources and therefore, is a promising alternative. Turkey has rich renewable energy resources such as geothermal, wind, solar, biomass, and hydro. By relying completely on indigenous resources, renewable energy resources (RES) would reduce reliance on imported fuels and enhance Turkey's energy security. Based upon the current status, the majority of geothermal applications in Turkey have been realized in district heating systems. District energy can have major impacts on the environment by significantly reducing the consumption of traditional fossil fuels (coal, oil and gas) and thereby atmospheric pollutants. In addition, local economies may be enhanced, while indigenous and sustainable resources are utilized. In this context, Turkey could reduce its emissions significantly through the use of geothermal energy. Ensures comfort, clean air, cost-efficiency and healthy conditions in urban life through transition from stoves to central heating. On-site fulfillment of energy needs to enhance regional development. Like several areas in the world, Turkey has a big potential. Particularly the western parts of Turkey have high-temperature resources for power generation.
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